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(57) Abstract: The present invention provides methods and compositions for treatment of hyperproliferative disorders and cancers, 
including multiple myeloma and Waldenstrom' macroglobulinemia, comprising administering to a patient in need of the treatment a 
TACI-Ig fusion molecule in amount sufficient to suppress proliferation-inducing functions of BlyS and APRIL. 
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METHODS FOR THE TREATMENT AND PREVENTION OF 
ABNORMAL CELL PROLIFERATION USING TACI-FUSION MOLECULES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application 

No. 60/706,888, filed August 9, 2005, the contents of which are incorporated herein by 

reference. 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods and compositions for the treatment of 
diseases and disorders, including hyperproliferative disorders, cancer, inflammatory 
diseases or disorders and diseases of the immune system, comprising administering a 
TACI-Ig fusion protein which blocks functions of growth factors of the TNF family. 

BACKGROUND OF THE INVENTION 
The BlyS Ligand/Receptor Family 

[0002] Three receptors, TACI (transmembrane activator or CAML-interactor), BCMA 
(B-cell maturation antigen) and BAFF-R (receptor for B-cell activating factor, belonging 
to the TNF family), have been identified that have unique binding affinities for the two 
growth factors BlyS (B-lymphocyte stimulator) and APRIL (a proliferation-inducing 
ligand) (Marsters et al. Curr Biol 2000; 10(13):785-788; Thompson et al. Science 2001; 
293-21 08-21 1 1). TACI and BCMA bind both BLyS and APRIL, while BAFF-R appears 
capable of binding only BLyS with high affinity (Marsters et al. Curr Biol 2000; 
10(13):785-788; Thompson et al. Science 2001; 293:2108-2111). As a result, BLyS is 
able to signal through all three receptors, while APRIL only appears capable of signaling 
through TACI and BCMA. In addition, circulating heterotrimer complexes of BLyS and 
APRIL (groupings of three proteins, containing one or two copies each of BLyS and 
APRIL) have been identified in serum samples taken from patients with systemic 
immune-based rheumatic diseases, and have been shown to induce B-cell proliferation in 
vitro (Roschke et al. J Immunol 2002; 169:4314-4321). 
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[0003] BLyS and APRIL are potent stimulators of B-cell maturation, proliferation and 
survival (Moore et aL Science 1999; 285(5425): 260-263; Schneider et al J Exp Med 
1999; 189(1 1): 1747-1756; Do et al. J Exp Med 2000; 192(7):953-964). BLyS and 
APRIL may be necessary for persistence of autoimmune diseases, especially those 
involving B-cells. Transgenic mice engineered to express high levels of BLyS exhibit 
immune cell disorders and display symptoms similar to those seen in patients with 
Systemic Lupus Erythematosus (Gross et al Nature 2000; 404:995-999; Mackay et al. J 
Exp Me 1999; 190(11); 1697-1710). Similarly, increased levels of BLyS/APRIL have 
been measured in serum samples taken from Systemic Lupus Erythematosus patients and 
other patients with various autoimmune diseases like Rheumatoid Arthritis (Roschke et 
al J Immunol 2002; 169:4314-4321; Cheema et al. Arthritis Rheum 2001; 44(6): 1313- 
1319; Groom et aL J Clin Invest 2002; 109(l):59-68; Mariette X, Ann Rheum Dis 2003; 
62(2): 168-171), extending the association of BLyS and/or APRIL and B-cell mediated 
diseases from animal models to humans. 

Multiple Myeloma 

[0004] Multiple myeloma (MM) is a plasma cell neoplasm characterized by the 
accumulation of monoclonal plasma cells in the bone marrow, associated with the 
synthesis of a monoclonal immunoglobulin and a high incidence of osteolytic bone 
lesions. Overgrowth of MM cells usually leads to immunodeficiency and destruction of 
the bone cortex at multiple tumor sites. Although traditionally, MM is a disease of the 
elderly, it is increasingly being detected in younger patients. Diagnosed patients 
generally have a short life expectancy. The median survival of patients treated with 
conventional chemotherapy is about 42 months. The use of high-dose therapy with 
autologous stem cell transplantation increases the median survival to 60 months in 
younger patients. However, the disease remains incurable. 

[0005] The cause of multiple myeloma is unknown. There are approximately 74, 000 
new cases of MM each year worldwide, with an overall incidence of 4.5 per 100,000 per 
year in most Western industrialized countries. Male to female ratio is 3 to 2 and the 
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incidence is about 2-fold higher in American blacks than in Caucasians, 
of diagnosis is 68 years. MM accounts for 1 % of all malignancies. 
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[0006] Osteolytic lesions, anemia, renal insufficiency and recurrent bacterial 
infections are the most common clinical features of multiple myeloma. All these 
complications, especially infections and renal insufficiency are also major causes of 
death. The pathogenesis of these clinical features depends on the interactions between 
the myeloma cells and the microenvironment of the bone marrow, by means of cell-to- 
cell contact, adhesion molecules and cytokines or on the direct effects of circulating 
monoclonal immunoglobulins or light chains. The M-protein is a hallmark of the disease. 
The M-protein is an overproduced homogenous immunoglobulin or immunoglobulin 
fragment. Monoclonal protein is used to calculate myeloma tumor burden and kinetics, 
to stage myeloma patients and to document their response to treatment. The different 
immunologic subtypes of MM are: IgG (approximately 55% of cases), 19A 
(approximately 26% of cases), Bence- Jones or free light chain only (approximately 14% 
of cases) and IgD (2% of cases). Non-secretory myeloma accounts for 1 to 5% of 
myeloma cases and IgM, IgE or bi-clonal MM are extremely rare. Serum beta- 2 
microglobulin levels, C-reactive protein levels, serum albumin levels, plasma cell 
labeling index (PCLI) and the presence of chromosome 1 3 abnormalities are prognostic 
factors for multiple myeloma. 

[0007] The bifunctional alkylating agents like melphalan and cyclophosphamide, have 
been the foundation of standard therapy in multiple myeloma; the classic combination of 
melphalan and prednisone is still the standard treatment for most patients (Durie et al. 
Hematol J 2004; 4:379-398). 

[0008] The regimen vincristine, doxorubicin and dexamethasone (VAD) or VAD-like 
regimens are commonly used as induction therapy pre-stem cell collection and 
transplantation. An alternative therapy is dexamethasone alone or, more recently 
thalidomide/dexamethasone. Indeed, thalidomide has recently been recognized as an 
effective agent alone or in combination for patients with MM at various stages of disease 
(Barlogie et al. Blood 2001; 98:492-494). 
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[0009] High-dose chemotherapy supported by autologous peripheral blood stem cell 
(PBSC)-transplantation has been accepted as an important treatment modality for patients 
younger than age 65. Furthermore, the approach of tandem (double) autologous stem cell 
transplantation is also pursued to attempt to improve Complete Response rates and 
survival, especially in patients who do not have a Very Good Partial Response after 
undergoing one transplantation. Autologous stem cell transplantation is now a safe 
procedure, however, contamination of the autologous graft by myeloma cells remains a 
concern. Maintenance treatment after transplantation with corticosteroids or IFN-alpha is 
often prescribed to delay relapse, 

[0010] Allogeneic transplantation eliminates the problem of tumor cell contamination 
of the stem cells. Furthermore, there is evidence of graft-versus-myeloma effect with 
allografting. Standard myeloablative allogeneic transplantation can lead to prolonged 
disease-free survival in a small percentage of patients, but the high treatment-related 
mortality and significant toxicity from graft-versus-host disease have limited the role of 
this procedure in the treatment of myeloma. Positive results have been reported using 
non-myeloablative regimens (mini-allotransplants) which elicit lower acute toxicity. 

[0011] The proteasome inhibitor Velcade™ (bortezomib) represents a new class of 
agents with activity in myeloma that is refractory to multiple lines of standard and high- 
dose regimen. A 35% overall response rate was reported in the pivotal phase II trial, with 
a 12 months median duration of response (Richardson et al. N Eng J Med 2003; 
348(26):26092617). Furthermore, experimental therapies under investigation for 
multiple myeloma include thalidomide derivatives, vaccination, monoclonal antibodies 
and anti-sense drugs. Supportive therapies address the symptoms and complications of 
the disease. Supportive therapies commonly used in MM include bisphosphonates, 
growth factors, antibiotics, intravenous immunoglobulin, plasmapheresis and pain control 
measures. Therefore, there is a long-felt need in the field to develop effective methods 
for treating or ameliorating multiple myeloma. 
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Waldenstrom's Macroglobulinemia 

[0012] Waldenstrom's macroglobulinemia (WM) is a condition related to MM and is 
the result of proliferation of lymphocytes and plasma cells which produce monoclonal 
IgM. The median age at presentation is 63 years and over 60% of patients are male. 
Many of the clinical features are the result of hyperviscosity of blood due to the raised 
IgM concentration. WM is characterized by hypersecretion of IgM in the serum; excess 
lymphoplasmacytoid cells in the bone marrow and involvement of visceral organs 
including liver and spleen. Primary treatment for patients who require systemic therapy 
includes alkylating agents or nucleoside analogs, such as cladribine and fludarabine. 
Steroids can be used alone or in combination with alkylating agents. Plasmapheresis is 
indicated for treatment of symptomatic hyperviscosity. At present there is no cure for 
WM patients. Therefore, there is a long-felt need in the field to develop new methods for 
treating or ameliorating WM. 

SUMMARY OF THE INVENTION 

[0013] The invention includes methods of treating or ameliorating cancer or 
immunological disorders, including multiple myeloma and Waldenstrom's 
macroglobulinemia. In the methods, a patient is administered an effective amount of a 
composition comprising a fusion polypeptide molecule, TACI-Ig, comprising a human 
immunoglobulin constant chain and TACI extracellular domain or a fragment thereof that 
binds BlyS and/or APRIL. 

[0014] Methods of the invention also comprise administering to a multiple myeloma 
or Waldenstrom's macroglobulinemia patient a fusion molecule comprising a human 
immunoglobulin-constant domain and a polypeptide with SEQ ID NO: 1. The methods 
of the invention also comprise administering to a multiple myeloma or Waldenstrom's 
macroglobulinemia patient a fusion molecule comprising a human immunoglobulin- 
constant domain and a polypeptide which binds BlyS and/or APRIL and which is at least 
50% identical to SEQ ID NO: 1, and preferably 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95% or 99% identical to SEQ ID NO: 1. 
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[0015] In one embodiment, the methods of the invention comprise administering to a 
multiple myeloma or Waldenstrom's macroglobulinemia patient a fusion molecule 
comprising a human immunoglobulin-constant domain with SEQ ID NO: 2, Fc5, and a 
polypeptide with SEQ ID NO: 1. In another embodiment, the methods include 
administering to a multiple myeloma or Waldenstrom's macroglobulinemia patient a 
fusion molecule comprising a human immunoglobulin-constant domain with SEQ ID 
NO: 2 and a polypeptide which binds BlyS and/or APRIL and which is at least 50% 
identical to SEQ ID NO: 1, and preferably 60%, 65% 5 70%, 75%, 80%, 85%, 90%, 95% 
or 99% identical to SEQ ID NO: 1. 

[0016] The methods of the invention also comprise administering to a patient TACI-Ig 
in an amount from 0.01 mg per 1 kg of patient's body weight to 10 mg per 1 kg of 
patient's body weight at multiple intervals, preferably 5 times during a four- week 
interval, following by 4 weeks of monitoring the patient for changes in markers that are 
correlative with patient's disease stabilization or improvement. The correlative changes 
include, but are not limited to, one or more of the following: decrease of immunoglobulin 
IgA, IgG, IgM or IgD free light chain in patient's blood sample; decrease of M-protein 
(as determined by immunofixation) in patient's blood sample; decrease of M-protein (as 
determined by electrophoresis) in patient's blood sample; decrease of LDH, soluble 
syndecan-1 or beta-2 microglobulin in patient's blood sample; decrease in patient's 
lymphocyte cell count as determined by flow cytometry; decrease of Bence- Jones protein 
(as detected by immunofixation or electrophoresis) in patient's urine sample; decrease of 
percentage of plasma cells or lymphocyte cells, PCLI, Ki-67 or BlyS/APRIL receptors in 
patient's bone marrow sample. Patients whose condition is stabilized or improved by the 
end of the first treatment cycle, can be subjected to at least two more cycles of treatment 
with a TACI-Ig fusion molecule. 

[0017] When used in the methods of the invention, a TACI-Ig can be administered 
intravenously, orally or subcutaneously. When administered subcutaneously, a TACI-Ig 
fusion molecule is preferably administered into any of the following areas of the anterior 
abdominal wall: right upper external area, left lower external area, right lower external 
area, left upper external area or median lower area. 



6 



WO 2007/019573 PCT/US2006/031274 

[0018] The methods of the invention also include methods in which a TACI-Ig is 
administered to a patient in combination with other medications or methods of treatment. 
Such other medications include, but are not limited to, bisphosphonate, erythropoietin, 
granulocyte growth factors, granulocyte colony stimulating factor, drugs for the 
management of pain, melphalan, vincristine, doxorubicin, thalidomide, nucleoside 
analogs and proteosome inhibitors, including but not limited to bortezomib. Such other 
methods of treatment include, but are not limited to, other chemotherapeutical agents, 
radiotherapy and gene therapy. According to the methods of the invention, a TACI-Ig 
can be administered either prior, simultaneously or after a patient is subjected to other 
methods of treatment. 

[0019] In one embodiment of the invention TACI-Ig is given in combination with 
bortezomib. TACI-Ig is dosed as above and bortezomib is given at a dose of 1.3 mg/m 
twice weekly for two weeks, followed by a rest period of ten days. This is one cycle of 
treament Preferably bortezomib is given intravenously. The response to treatment is 
monitored as described above for TACI-Ig alone, and additional treatment cycles of 
TACI-Ig and or bortezomib may be administered. TACI-Ig may be administered at a 
dose as described above or at a lower dose in combination with bortezomib at a dose as 
described or at a lower dose of bortezomib. Doses of TACI-Ig and bortezomib may be 
given concurrently or in alternating doses of TACI-Ig followed by a cycle of bortezomib 
or a cycle of bortezomib followed by a cycle of TACI-Ig. This dosing may be repeated. 

[0020] TACI-Ig may be administed to those patients who have become resistant to or 
who do not respond to other methods of treatment, including but not limited to treatment 
with bortezomib. 

[0021] These and other embodiments of the present invention are described in further 
detail herein below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] Figure 1. Schedule for TACI-Fc5 treatment. 
[0023] Figure 2. Dose-escalation scheme for TACI-Ig treatment. 
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[0024] Figure 3. Dose-escalation decision tree of 3+3 design for TACI-Ig treatment. 

[0025] Figure 4. Outline of further treatment for patients with initial beneficial 
response to TACI-Ig treatment. 

[0026] Figure 5. Schedule of further TACI-Ig treatment for patients with initial 
beneficial response to TACI-Ig. 

[0027] Figure 6. Administration of TACI-Ig. Possible zones for subcutaneous 
injections. 1 - right upper external area, 2 — left lower external area, 3 - right lower 
external area, 4 - left upper external area, 5 — median lower area. 

[0028] Figure 7. SEQ ID NO: 1. 

[0029] Figure 8, SEQ ID NO: 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] While the present invention is capable of being embodied in various forms, the 
description below of several embodiments is made with the understanding that the 
present disclosure is to be considered as an exemplification of the invention, and is not 
intended to limit the invention to the specific embodiments illustrated. Headings are 
provided for convenience only and are not to be construed to limit the invention in any 
way. Embodiments illustrated under any heading may be combined with embodiments 
illustrated under any other heading. 

[0031] The use of numerical values in the various ranges specified in this application, 
unless expressly indicated otherwise, are stated as approximations as though the 
minimum and maximum values within the stated ranges were both preceded by the word 
"about." In this manner, slight variations above and below the stated ranges can be used 
to achieve substantially the same results as values within the ranges. As used herein, the 
terms "about" and "approximately" when referring to a numerical value shall have their 
plain and ordinary meanings to one skilled in the art of pharmaceutical sciences or the art 
relevant to the range or element at issue. Also, the disclosure of ranges is intended as a 
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continuous range including every value between the minimum and maximum values 
recited as well as any ranges that can be formable thereby. 

[0032] The instant invention pertains to methods of treating a multiple myeloma and 
Waldenstrom's macroglobulinemia by inhibiting interaction of BlyS and/or APRIL with 
their receptors. Specifically, the methods utilize an inhibitor which is a fusion molecule 
comprising TACI extracellular domain or a fragment thereof and binds BlyS and/or 
APRIL and 2) a human immunoglobulin-constant domain. The methods of the invention 
utilize a fusion molecule comprising a human immunoglobulin-constant domain and any 
polypeptide with at least 50% identity, and preferably 60% 5 65%, 70% 5 75%, 80%, 85%, 
90%, 95% or 99% identity to TACI extracellular domain that can bind BlyS and/or 
APRIL ligands. U.S. Patent Nos 5,969,102, 6,316,222 and 6,500,428 and U.S. Patent 
Applications Nos. 09/569,245 and 09/627,206 (teachings of which are incorporated 
herein in their entirety by reference) disclose sequences for the extracellular domain of 
TACI as well as specific fragments of the TACI extracellular domain that interact with 
TACI ligands, including BlyS and APRIL. One preferred fragment of the extracellular 
domain of TACI comprises one or two cysteine repeat motifs. Another preferred 
fragment is a fragment comprising amino acids 30-1 10 of the extracellular domain of 
TACI. Another preferred fragment is a fragment comprising amino acids 1-154 of the 
extracellular domain of TACr(SEQ ID NO : 1). Any of the fusion molecules used in the 
methods of the instant invention can be referred to as a TACI-Ig fusion molecule. 

[0033] TACI-Fc5 is one of the TACI-Ig fusion molecules useful for the methods of 
the instant invention. TACI-Fc5 is a fusion polypeptide molecule comprising from about 
amino acid 1 to about amino acid 154 (SEQ ID NO: 1) of TACI extracellular domain and 
a modified Fc portion of human IgG (SEQ ID NO: 2). Other TACI-Ig molecules useful 
for the methods of the instant invention include a fusion molecule comprising 
polypeptide with SEQ ID NO: 2 and a polypeptide which can bind BlyS and which is at 
least 50%, preferably 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99% amino acid 
sequence identical to the sequence set out as SEQ ID NO: 1. 
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[0034] Preferred embodiments of the invention include methods of using a TACI-Ig 
fusion molecule for treating multiple myeloma (MM) and Waldenstrom's 
macroglobulinemia (WM), other hematological malignancies, autoimmune diseases such 
as rheumatoid arthritis and systemic lupus erythematosus or to decrease the number of 
circulating mature B-cells and immunoglobulin-secreting cells and soluble 
immunoglobulins associated with such diseases. 

[0035J When treating MM and WM patients with a TACI-Ig fusion molecule, a 
protocol depicted in Figure 1 may be used. Patients are given injections of a TACI-Ig 
fusion molecule at concentrations in a range from 2 to 10 mg/kg. Further details of this 
protocol are set out in Example 3. After receiving five injections, the patients are 
monitored during the following four weeks for signs of improvement or stabilization of 
their disease. Patients are classified into five different groups depending on their 
response to treatment with a TACI-Ig fusion molecule: Complete Response (CR), Very 
Good Partial Response (VGPR), Partial response (PR), stable disease (SD), progressive 
disease (PD). Criteria for each of the five groups are listed in Table 4 below. 



10 



WO 2007/019573 



PCT/US2006/031274 



Table 4. RESPONSE CRITERIA 



For MM patients 





M-protein 


Bone marrow 
plasmacytosis 


Other 


Complete response (CR) 


absence of M protein in 
serum and urine as 
assessed by a negative 
immunofixation 


< 5% plasma 
cells in the 
bone marrow 
aspirate 


No signs of worsening 
anemia 

No increase in serum 
calcium levels 
No new lytic bone 
lesions 


Very Good Partial response 
(VGPR) 


greater than or equal to 
90% reduction in 
serum M protein as 
assessed by 
electrophoresis and/or 
greater than or equal to 
90% (200 mg/24h) 
reduction in urine M 
protein as assessed by 
electrophoresis 




No signs of worsening 
anemia 

No increase in serum 

calcium levels 

No new lytic bone lesions 


Partial response (PR) 


greater than or equal to 
50% reduction in 
serum M protein as 
assessed by 
electrophoresis and/or 
greater than or equal to 
90% (200 mg/24h) 
reduction in urine M 
protein as assessed by 
electrophoresis 




No signs of worsening 
anemia No increase in 
serum calcium levels No 
new lytic bone lesions 


Stable disease (SD) 


not meeting criteria for 
response or progressive 
disease 






Progressive disease (PD) 


greater than 25% 
increase in M protein 


>25% 
increase in 
plasma cells 
in the bone 
marrow 
aspirate 


Increase in size of 
existing bone lesions 
Development of new 
bone lesions or soft 
tissue plasmacytoma 
Development of 
hypercalcemia 
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For WM patients 





M-protem 


Bone marrow 
plasmacytosis 


Other 


Complete 
response (CR) 


absence of M protein 
in serum and urine as 
assessed by a 
negative 
immunofixation 


<5% 

Lymphoplasmocytes 
in the bone marrow 
aspirate 


Disappearance of symptoms 
(anemia, cryoglobulinemia) 
and tumoral mass, including 
lymph nodes, enlarged 
spleen and liver (Cheson 
1999) 


Partial response 


greater than or equal 
to 50% reduction in 

lJCLLIJ.11 IVi UlULt'lll do 

assessed by 
electrophoresis and/or 

crrf^atpr than or pnnal 

to 90% reduction in 
urine M protein as 
assessed by 
electrophoresis 




greater or equal than 50% 
reduction in SPO (sum 
nroduct of greatest 
parameters) in tumor mass, 
including lymph node, 
enlarged spleen and liver 
Improvement in clinical 
manifestations (anemia, 
cryoglobulinemia or 
peripheral neuropathy) 


Stable disease 
(SD) 


not meeting criteria 
for response or 
progressive disease 






Progressive 
disease (PD) 


greater than 25% 
increase in M protein 


>25% increase in 
lymphoplasmocytes 
in the bone marrow 
aspirate . 


Increase in size of the tumor 
mass including lymph node, 
enlarged spleen and liver 



[0036] The patient's condition is classified as "relapse from complete response" if any 
of the following occurs: reappearance of serum or urinary paraprotein on immunofixation 
or routine electrophoresis confirmed by at least one further investigation and excluding 
oligoclonal immune reconstitution; >5% plasma cells in a bone marrow aspirate or on a 
trephine bone biopsy; development of new lytic lesions or soft tissue plasmacytomas or 
definite increase in the size of residual bone lesions; or development of hypercalcemia 
(corrected serum calcium > 1 1 .5 mg/dl or 2.8 mmol/1) not attributable to any other cause. 

[0037] The patient's condition is classified as "progressive disease" (for patients not 
in complete response), if one or more of the following occurs: >25% increase in the level 
of the serum monoclonal paraprotein, which must also be an absolute increase of at least 
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5 g/1 and confirmed by at least one repeated investigation; >25% increase in the 24hour 
urinary light chain excretion, which must also be an absolute increase of at least 200 mg 
in 24hours and confirmed by at least one repeated investigation; >25% increase in plasma 
cells in a bone marrow aspirate or on trephine biopsy, which must also be an absolute 
increase of at least 10%; definite increase in the size of existing bone lesions or soft tissue 
plasmacytomas (development of a compression fracture does not exclude continued 
response and may not indicate progression); development of new bone lesions or soft 
tissue plasmacytomas (development of a compression fracture does not exclude 
continued response and may not indicate progression); development of hypercalcemia 
(corrected serum calcium > 1 L5 mg/dl or 2.8 mm o 1/1) not attributable to any other 
cause. 

[0038] The patient's condition can be classified as improving if after first five 
injections, any of the following is detected: decrease of immunoglobulin IgA 5 IgG, IgM 
or IgD free light chain in patient's blood sample; decrease of immunoglobulin IgA, IgG, 
IgM or IgD free light chain in patient's blood sample; decrease of M-protein as 
determined by immunofixation in patient's blood sample; decrease of M-protein as 
determined by electrophoresis in patient's blood sample; decrease of LDH 5 soluble 
syndecan-1 or beta-2 microglobulin in patient's blood sample; decrease in patient's 
lymphocyte cell count as determined by flow cytometry; decrease of Bence- Jones protein 
as detected by immunofixation or electrophoresis in patient's urine sample; decrease of 
percentage of plasma cells or lymphocyte cells, PCLI, Ki-67 or BlyS/APRIL receptors in 
patient's bone marrow sample. 

[0039] Table 5 provides an exemplary schedule for assessing the efficiency of 
treatment with a TACI-Ig fusion molecule. 
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Table 5. Schedule of Treatment Assessments 





Treatment period cycle 1 


Post-Treatment Follow-Up cycle 1 


Day 1 


Day 8 


Day 15 


Day 22 


Day 29 


Day 36 


Day 43 


Day 50 


First day 
or 

treatment 


end of 
week- 1 


end of 
week-2 


end of 
week-3 


end of 
treatment 
visit 
cycle 1 


end of 
week-5 


end of 
week-6 


end ot week- 7 


Informed consent to 
enter Extension study 


















TACI-Ig doses' 


X 


X 


X 


X 


X 








Physical examination 
(including weight and 
vital signs) 


X 


X 


X 


X 


X 


X 


X 


X 


ECOG 


















ECG 


















Ejection fraction 
measurement (by 
echocardiography or 
scintigraphy) 


















Skeletal survey (X- 
ray) 


















MRI 


















CT scan and/or 
ultrasound scan (only 
for WM patients) 


















Blood sampling for 


















Hematology 


X 


X 


X 


X 


X 


X 


X 


X 


Coagulation 


















Blood chemistry 2 


X 


X 


X 


X 


X 


X 


X 


X 


IgA/IgG/lgM 
quantification (lgD 
for IgD myeloma) 




X 


X 


X 


X 


X 


X 


X 


Serum free light 
chain 




X 


X 


X 


X 


X 


X 


X 


M-protein detection 
by immunofixation 










X 








M-protein 
quantification by 
electrophoresis 




X 


X 


X 


X 


X 


X 


X 


CRP/LDH 




X 


X 


X 


X 


X 


X 


X 


Soluble syndecan-1 




X 


X 


X 


X 


X 


X 


X 


Beta2-microglobulin 




X 


X 


X 


X 


X 


X 


X 


Lymphocyte cell 
count by flow 
cytometry 




X 


X 


X 


X 


X 


X 


X 


Urine sampling for 


















Urinalysis (dipstick 
analysis) 


X 


X 


X 


X 


X 


X 


X 


X 


Proteinuria (24-h 
urine) 




X 


X 


X 


X 


X 


X 


X 


Bence- Jones protein 
detection by 
immunofixation 










X 








Bence-Jones protein 
quantification by 
electrophoresis 




X 


X 


X 


X 


X 


X 


X 


Bone marrow aspirate 
for 


















% plasma cell 
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determination 


















PCLI/K167 3 


















BLyS and APRIL 
receptors by RT - 
PGR and flow 
cytometry 


















Lymphocyte cell 
count by flow 
cytometry 


















Adverse Event 
Monitoring 


















Concomitant 
Medication / 
Procedures Recording 



















[0040] Patients whose condition is classified at least as stabilized after the first cycle 
of treatment with a TACI-Ig fusion molecule, may receive at least two additional cycles 
of treatment with the fusion molecule. Figures 4 and 5 provide one example of a protocol 
for such additional cycles of treatment. On day 1 of each of the subsequent cycles, 
patients are given injections of a TACI-Ig fusion molecule at concentrations in a range 
from 2 to 10 mg/kg. After receiving five injections, the patients are monitored during the 
following four weeks for signs of improvement or stabilization of their condition. It can 
be concluded that such improvements have occurred, if any of the following is detected; 
decrease of immunoglobulin IgA, IgG, IgM or IgD free light chain in patient's blood 
sample; decrease of M-protein as determined by immunofixation in patient's blood 
sample; decrease of M-protein as determined by electrophoresis in patient's blood 
sample; decrease of LDH, soluble syndecan-1 or Beta-2 microglobulin in patient's blood 
sample; decrease in patient's lymphocyte cell count as determined by flow cytometry; 
decrease of Bence- Jones protein as detected by immunofixation or electrophoresis in 
patient's urine sample; decrease of percentage of plasma cells or lymphocyte cells, PCLI, 
Ki-67 or BlyS/APRIL receptors in patient's bone marrow sample. 

[0041] To select an optimal dose for treating a specific patient's condition, a dose- 
escalation decision tree (Figure 3) was developed. According to the design tree (Figure 
3), if 0 subjects out of 3 in a given cohort experiences dose limiting toxicity (DLT), 
escalation may be advanced to the next sequential cohort. If 1 subject out of 3 in a given 
cohort experience DLT, an additional 3 subjects will be enrolled in that dose cohort. If 1 
subject out of 6 experiences DLT, escalation may be advanced to the next dose. If > 1 
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subject out of 6 experience DLT, dose de-escalation occurs and 3 subjects will be treated 
at an intermediate dose that elicited DLT and the next lower dose. If 0 subjects out of 3 
experiences DLT at the intermediate dose, then enrollment is halted and the intermediate 
dose is declared the MTD (Maximum Tolerated Dose). If 1 subject out of 3 experiences 
DLT at the intermediate dose, then enrollment is halted and the dose level below is 
declared the MTD. If>l subject out of 3 in a given cohort experience DLT, dose de- 
escalation occurs and 3 subjects will be treated at an intermediate dose to be specified by 
the Safety Monitoring Committee between the dose that elicited DLT and the next lower 
dose. If 0 subject out of 3 experiences DLT at the intermediate dose, then enrollment is 
halted and the intermediate dose is declared the MTD. If 1 subject out of 3 experiences 
DLT at the intermediate dose, then enrollment is halted and the dose level below is 
declared MTD. De-escalation will also be applicable in case DLTs are observed at the 
starting dose. 

[0042] A fusion TACI-Ig molecule can be delivered via subcutaneous injections into 
the anterior abdominal wall using a syringe, preferably a 1.5ml syringe with 25G needles. 
When more than one injection is required to administer a dose, the injections are 
administered a few centimeters apart and as close as possible in time. For repeated drug 
administration it is advisable to rotate the site of administration on the anterior abdominal 
wall. The possible zones for subcutaneous injection into the anterior abdominal wall are 
depicted in Figure 6 and include right upper external area, left lower external area, right 
lower external area, left upper external area and median lower area. Alternatively, a 
TACI-Ig fusion molecule of the invention can be delivered via intravenous injections or 
orally in a form of tablets, caplets, liquid compositions or gels. 

[0043] Methods of the invention can be combined with other methods of MM and 
WM treatment such as chemotherapy, radiation or surgery. A patient can be treated by 
methods of the invention prior or simultaneously and more preferable after the patient is 
subjected to chemotherapy, radiation and/or surgery. A fusion molecule of the invention 
can be administered concomitantly with other medications beneficial for a patient. Such 
medications may include, but are not limited, to bisphosphonates, erythropoietin, 
granulocyte growth factors or granulocyte colony stimulating factor or drugs for the 
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management of pain, melphalan, vincristine, doxorubicin, thalidomide, nucleoside 
analogs and proteosome inhibitors, including but not limited to bortezomib. 

[0044] TACI-Ig may be given alone or in combination with bortezomib. TACI-Ig 
may be dosed as above and bortezomib may be given at a dose of 1.3 mg/m 2 twice 
weekly for two weeks, followed by a rest period of ten days. This is one cycle of 
treament. Preferably bortezomib is given intravenously. The response to treatment is 
monitored as described above for TACI-Ig alone, and additional treatment cycles of 
TACI-Ig and or bortezomib may be administered. TACI-Ig may be administered at a 
dose as described above or at a lower dose in combination with bortezomib at a dose as 
described or at a lower dose of bortezomib. Doses of TACI-Ig and bortezomib may be 
given concurrently or in alternating doses of TACI-Ig followed by a cycle of bortezomib 
or a cycle of bortezomib followed by a cycle of TACI-Ig. This dosing may be repeated. 

[0045] TACI-Ig may be administered to those multiple myeloma patients who have 
become resistant to or who do not respond to other methods of treatment, including but 
not limited to treatment with bortezomib. 

[0046] All U.S. Patents and published patent applications listed herein are hereby 
incorporated by reference in their entirety. 

EXAMPLES 

[0047] The following examples illustrate various embodiments of the present 
invention are not to be construed as limiting the invention in any way. 

EXAMPLE 1 

Testing TACI-Fc5 Pharmacology, Toxicology 
and Pharmacokinetics in an Experimental Animal Model 

[0048] To test effect of TACI-Fc5 on respiratory parameters, the no-observed effect 
level (NOEL) of TACI-Fc5 on respiratory parameters in conscious mice was studied and 
was found to be at least 80 mg/kg when administered by the subcutaneous route. 
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[0049] Behavioral Irwin Test and Effect on Body Temperature were performed by 
administering single doses of 5, 20 and 80 mg/kg of TACI-Fc5 by the subcutaneous route 
to groups of 8 male mice. The NOEL of these injections was 20 mg/kg by the 
subcutaneous route for behavioral Irwin test and effect on body temperature. Minor and 
transient stimulant effects were seen at the highest dose of 80 mg/kg. 

[0050] To determine the effect of TACI-Fc5 on blood pressure and heart rate, TACI- 
Fc5 was administered to conscious cynomoglus monkeys by the subcutaneous route at 
doses of 20 and 80 mg/kg. The injections did not induce any change in arterial blood 
pressure, heart rate or electrocardiogram. The NOEL for cardiovascular parameters when 
administered by the subcutanous route in conscious cynomolgus monkeys corresponds to 
at least 80 mg/kg. 

[0051] When administered to mice as a single dose by the intravenous (IV) or 
subcutaneous (SC) route, TACI-Fc5 did not induce mortality or appreciable general or 
local abnormal effects in the animals up to the highest technically feasible dose: 1200 
mg/kg. Furthermore, the administration of TACI-Fc5 to monkeys as a single dose by the 
SC route at the dose level of 240 mg/kg did not result in mortality nor did it result in any 
major toxic effects. 

[0052] On the basis of the results obtained after two (2) or four (4) weeks of 
administration of TACI-FcS by subcutaneous route to mice at the doses of 5, 20 and 80 
mg/kg/every second day followed by four (4) weeks of recovery it was concluded that the 
compound is well tolerated in this species at doses up to 80 mg/kg. Treatment-related 
modifications confined to the immune system were revealed at all doses. These changes 
involved decreases in total and mature B cell numbers and IgG and IgM serum levels. 
Immunohistochemistry tests done in the spleen and lymph nodes confirmed depletion 
confined to B cells, with T cell number remaining unchanged. All these alterations, time- 
and dose-related in some cases, were considered as exaggerated pharmacological effects 
as expected in a responsive species after administration of very high doses of TACI-Fc5. 

[0053] Overall, these effects were seen after two (2) and four (4) weeks of treatment, 
without major indications of progression with time. They appeared to be almost 
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completely reversible after four (4) weeks of withdrawal of treatment, except for 
decreased B cell counts. 

[0054] In order to ascertain B-cell modulation reversibility, a further study in mice 
was conducted at the doses of 5 and 20 mg/kg given every second day for four (4) weeks, 
with longer recovery periods. Recovery of total and mature circulating B cells was 
reached after two (2) months of withdrawal at 5 mg/kg, and after four (4) months at 20 
mg/kg. Moreover, the injection induced a slight increase, compared to vehicle controls, 
of inflammatory changes at the injection sites at all doses. 

[0055] Subcutaneous administration of TACI-Fc5 in monkeys did not induce major 
signs of toxicity at any of the doses tested, 5, 20 or 80 mg/kg/every third day, when given 
for four (4) consecutive weeks followed by four (4) weeks of recovery. 

[0056] Local tolerability was satisfactory up to and including the highest dose tested. 
Dose-related and reversible slight or moderate changes of inflammatory origin (mainly 
perivascular mononuclear and eosinophilic cell infiltrates) were induced, but were mainly 
related to the local presence of exogenous proteins. Only at the high dose, a few animals 
showed slight or moderate subacute inflammation associated with a cyst formation. 

[0057] Circulating B-cell number decreases at the lymphocyte subset determinations, 
as well as histological depletion of the spleen follicular marginal zone (known to be a B- 
cell dependent area) and decreases in total IgG and IgM serum levels were seen. They 
were the result of the pharmacodynamic properties of TACI-Fc5, as shown by in vitro 
and in vivo pharmacology experiments. Their degree was exaggerated, as expected in 
toxicology studies in which animals are purposely administered high doses of the test 
compound. While low serum IgG and IgM levels and spleen lymphocytic depletion 
showed a clear tendency towards recovery within the one-month withdrawal period 
allowed, total and mature circulating B cells did not show a similar behavior, indicating a 
longer time needed to recover. 

[0058] At the end of the treatment period (week 4), males and females of the high 
dose group (80 mg/kg) showed a slight but statistically significant decrease in mean total 
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protein values compared to controls. A slight trend towards decrease was also seen at the 
same dose in week 2, and at the end of the recovery period. 



[0059] Serum protein modifications in the high dose females at the end of the dosing 
period included a decrease in globulin and increases in albumin percentage and alpha 1 
globulin fraction. Alpha 1 globulin fraction also appeared higher than controls in group 3 
females (20 mg/kg). 

[0060] Immunogenicity of TACI-Fc5 was low in both mice. There was no evidence 
of neutralizing antibodies in either species. 

[0061] Histological examination of the reproductive organs of mice from the two (2)- 
and four (4)-week SC toxicity study did not show a signal of treatment-related effects, 

[0062] The local tolerance study showed that TACI-Fc5 was well tolerated locally 
when injected by the subcutaneous route to rabbits, at the dose of 70 mg/mL. 

[0063] A single dose pharmacokinetic study was conducted in mice by either the 
intravenous route, at the dose of 1 mg/kg, or the subcutaneous route, at the doses of 1, 5 
and 15 mg/kg. 

[0064] Time to maximal absorption (Wx) was estimated between four (4) h to 16 h, 
with a T1/2 calculated to be around 40-50 h. 

[0065] An infusion-like profile was observed during the first 30 minutes after IV 
bolus administration, after which TACI-Fc5 was eliminated from the body with an 
elimination half-life of 44 h. After subcutaneous administration, the ratio between the 
Area Under the Curves obtained at the three (3) doses of 1, 5 and 15 mg/kg was 1:5:8 
vs. the dose ratio of 1 : 5: 15, suggesting a loss of dose-proportionality at the high dose. 

[0066] TACI-Fc5's bioavailability by the subcutaneous route was 76% and 89% at the 
doses of 1 and 5 mg/kg respectively, but was lower than expected at 15 mg/kg (0,42; 
calculated vs. the intravenous 1 mg/kg dose) in mice. Since the apparent elimination 
half-life was not altered, the lower bioavailability observed at the high dose could be 
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explained by an increase of both clearance and volume of distribution or more probably 
by a decreased absorption due to the formation of a deposit at the site of injection. 



[0067] A single dose pharmacokinetic study was conducted in six male cynomolgus 
monkeys injected by either the intravenous route, at the dose of 1 mg/kg, or the 
subcutaneous route, at the doses of 1, 5 and 15 mg/kg. 

[0068] Six male monkeys were divided into two (2) groups of three (3) animals each 
and received two (2) administrations separated by a wash-out period of 2 weeks. 
Treatments of period one (1) were 1 mg/kg IV (group 1) and 1 mg/kg SC (group 2) and 
treatments of period two (2) were 5 mg/kg SC (group 1) and 15 mg/kg SC (group 2). 
Time to maximal absorption (t max ) was estimated between 6 h to 8 h, with a t\n calculated 
to be around 120-190 h. 

[0069] An infusion-like profile was observed in two out of three monkeys during the 
first 15 min after IV bolus administration, after which TACI-Fc5 was eliminated from the 
body with an elimination half-life of 179 ± 29 h. The volume of distribution at the steady 
state, V ss? was 382 ± 82 mL/kg, a volume near the intracellular fluid volume. 

[0070] After subcutaneous administration, the Area Under the Curve (AUC) vs. dose 
proportionality was good, i.e. 216, 1 182 and 2732 h jug/mL for SC doses of 1, 5 and 15 
mg/kg. The TACI-Fc5 bioavailability by the subcutaneous route (calculated vs. the 1 
mg/kg IV dose) was 0.92, 1.02 and 0.77 at the low, intermediate and high doses. This 
demonstrates that, TACI-Fc5 was almost completely absorbed by the subcutaneous route. 

[0071] Low levels of TACI-Fc5 were found in the pre-dose samples for period 2 
(between doses of 1 mg/kg by IV or SC routes, period 1, and doses of 5 or 15 mg/kg, 
respectively, in period 2) for all six monkeys, since during the two (2)-week washout 
period only two (2) half-lives had elapsed, which was insufficient for a complete 
elimination of the administered compound five ((5) half-lives required). However, the 
Area Under the Curve contribution of the previous dose could be estimated to represent 
only about 2% of the total Area Under the Curve in period 2. 
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[0072] IgG serum levels showed a 10.2% decrease after IV dosing, The 15 mg/kg SC 
dose showed a slightly higher effect, while no differences were observed between the 1 
and the 5 mg/kg SC doses (decreases of 8.6%, 8.4% and 12,3% after 1, 5 and 15 mg/kg 
doses respectively). IgM serum levels showed an 18.0% decrease after IV dosing. No 
differences were observed between the 3 SC doses (decreases of 23.5%, 23.0% and 
24.2% after 1, 5 and. 15 mg/kg doses respectively). 

EXAMPLE 2 

Determining TACI-FcS Tolerable Dose in Healthy Volunteers 

[0073] A single ascending dose study was performed in healthy volunteers. 
Specifically, TACI~Fc5 was tested in humans in a double blind, single ascending dose 
study in healthy male volunteers. In this study, TACI-Fc5 was shown to be safe and well 
tolerated at doses of 2.1 mg, 70 mg, 210 mg and 630 mg (equivalent to doses of around 
0.03 , 1, 3 and 9 mg/kg). The particulars of the study are summarized in Table 1 below. 



Table 1. Study Description 



Design 


N° Volunteers 


Dose TACI- 
Fc5 


Route(s) 

administrati 

on 


Assessments 


Randomized, 
double-blind, 
placebo- 
controlled 


23 healthy 
males 


Escalating 
doses 
ranging 
from 2.1 mg 
to 630 mg 


sc 


Safety, tolerability, 
pharmacokinetics and 
pharmacodynamics 



[0074] Four groups of subjects were recruited. In each dosing group, one subject was 
randomized to receive a placebo injection, with all others receiving TACI-Fc5. 
Following discharge from the investigational site at 24 hours post dose, subjects attended 
scheduled assessments on an outpatient basis for seven weeks. Systemic and local 
tolerability ofTACI-Fc5 were monitored by physical examination findings, injection site 
pain, local tolerability reactions at the site of injection(s) (redness, swelling, bruising and 
itching), vital signs, 12-lead ECGs, safety laboratory assessments and recording of 
adverse events. 
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[0075] Pharmacokinetic and pharmacodynamic markers were monitored throughout 
the seven- week period following dosing. The pharmacodynamic effect of TACI-Fc5 was 
monitored using a number of markers including: lymphocyte subsets by FACS analysis: 
plasma cells (GDI 38+), immature B-cells (CD19+, IgD~), mature B-cells (CD 19+, 
IgD+), T-helper cells (CD5+, CD4+), cytotoxic T-cells (CD5+, CD8+), total T-cells 
(CD5+), free BLyS, BLyS/TACI-Fc5 complex, IgG, IgM, anti- TACI-Fc5 antibodies. 

[0076J Dose escalation was guided by an algorithm (except for group 1) within the 
study protocol, based upon a review of data three weeks after dosing. Four groups were 
dosed: group 1 received 2.1 mg (equivalent to around 0.03 mg/kg); group 2 received 70 
mg (equivalent to around 1 mg/kg), group 3 received 210 mg (equivalent to around 3 
mg/kg), group 4 received 630 mg (equivalent to around 9 mg/kg). 

[0077] The study showed that TACI-Fc5 was well tolerated in all groups. There were 
no apparent effects upon physical examination findings, vital signs or 12-lead ECGs. 

[0078] Transient redness and swelling was observed at the site of administration in 
some subjects, with redness affecting all subjects in cohorts 3 and 4. Although the 
incidence of injection site reactions appears to be increased in higher dose groups it is 
believed that this is related to the increased volume (and number) of injections. 

[0079] Forty-eight (48) treatment emergent adverse events were reported in the seven 
weeks following dosing. The majority of these (44 events, 91 .7%) were mild, with the 
remainder being moderate (4 events, 8.3%). There were no severe adverse events and no 
serious adverse events during this period. There was no apparent relationship between 
the doses of TACI-Fc5 administered and the incidence, intensity or assigned relationship 
of adverse events. The adverse events reported to date are summarized in Table 2. 
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Table 2: List of Treatment-Emergent Adverse Events 



Body System 


Preferred 
Term 






Treatment 






TACI- 

Fc5 
2.1mg 


TACI- 
Fc5 
70mg 


TACI- 

Fc5 
210mg 


TACI- 

Fc5 
630mg 


Placebo 


Total 




XT 


IN 


N 


N 


N 


XT 
IN 


/o 


Eye Disorders 


Eyelid 
Oedema 


1 










1 


2.1 


Gastrointestinal 
disorders 


Abdominal 
pain upper 








1 




1 


2.1 


Diarrhea 




1 


1 


1 


1 


4 


8.5 


Mouth 
ulceration 








1 


1 


2 


4.3 


Nausea 




1 




1 


1 


D 




Vomiting 






1 


1 




2 


4.3 


General disorders 
and 

administration 
site conditions 


Influenza- 
like illness 








1 


2 


3 


6.4 


Infections and 
infestations 


Nasopharyn 
gitis 




4 


1 


1 




6 


10.6 


Perianal 
abscess 


1 










1 


2.1 


Injury, poisoning 
and procedural 
complications 


Contusion 










1 




2.1 


Joint Injury 






1 








2.1 


Musculoskeletal 
and connective 
tissue disorders 


Arthralgia 




1 








1 


2.1 


Back Pain 










1 


1 


2.1 


Nervous 

system 

disorders 


Headache 


1 


2 


2 


2 




8 


17.0 


Respiratory, 
thoracic and 
mediastinal 
disorders 


Cough 




1 




1 




3 


6.4 


Nasal 
congestion 






1 






2 


4.3 


Pharyngo 
laryngeal 
pain 


1 


2 


1 


2 




7 


14.9 


Skin and 
subcutaneous 
tissue disorders 


Rash 

generalized 












1 


2.1 
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[0080] In summary, TACI-Fc5 was well tolerated at doses up to 630 mg with no 
significant safety concerns being raised. 



[0081] A non-compartmental analysis of TACI-Fc5 concentrations was also 
performed. This preliminary analysis was performed using nominal sampling times, after 
subtraction of pre-dose concentrations that were present in subjects 2 5 6 and 13. 
Pharmacokinetic parameters following single subcutaneous doses between 2.1 mg and 
630 mg in study are summarized in Table 3. Drug concentrations were close to the limit 
of quantification of the assay following the 2.1 mg dose of TACI-Fc5, limiting the value 
of the data at this dose level. At doses of 70 mg and above, T max (time to maximal 
absorption) ranged from 16 to 36 hours and the overall median ty 2 (calculated from the 
terminal portion of the curve) was 303 hours. In addition, the Area Under the Curve 
(extrapolated to infinity) and the C max increased in a greater than dose proportional 
manner. 



Table 3: PK parameters 



Parameter 


Treatment 


n 


Mean 


sd 


Min 


Median 


Max 


CV 


C max (Jlg/mL) 


2.1 mg 


5 


0.015 


0.011 


0.005 


0.013 


0.032 


74 


T m ax(h) 


2.1 mg 


5 






8 


n 


336 




ti/2 (h) 


2.1 mg 


4 


204 


180 


45 


. 203 


365 


88 


AUC (h.ug/mL) 


2.1 mg 


4 


8.55 


9.65 


0.524 


6.62 


20.4 


113 


%AUCextrap 


2.1 mg 


4 


36 


24 


13 


32 


69 


65 


CL/F (L/h) 


2.1 mg 


4 


1.70 


1.90 


0.10 


1.34 


4.01 


112 


Cmax (ug/mL) 


70mg 


5 


0.617 


0.236 


0.426 


0.496 


0.985 


38 


T max (h) 


70mg 


5 






16 


16 


36 




ti/2 (h) 


70mg 


5 


255 


23 


219 


264 


276 


9 


AUC (h.ug/mL) 


70mg 


5 


79.7 


15.7 


65.4 


n.5 


101 


20 


%AUCextrap 


70mg 


5 


10 


1 


9 


11 


11 


12 


CL/F (L/h) 


70mg 


5 


0.90 


0.17 


0.69 


0.97 


1.07 


18 


Cmax (ug/mL) 


210mg 


5 


3.00 


0.902 


1.84 


2.90 


4.16 


30 


Tmax (h) 


210mg 


5 






12 


16 


36 




ti/2 (h) 


210mg 


5 


429 


160 


169 


433 


568 


37 


AUC (h.ug/mL) 


210mg 


5 


260 


n 


167 


267 


344 


28 


%AUCextrap 


210mg 


5 


6 


3 


1 


6 


9 


54 


CL/F (L/h) 


210mg 


5 


0.86 


0.26 


0.61 


0.79 


1.25 
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C max (ug/mL) 


630 mg 


4 


13.9 


2.79 


11.4 


13.7 


16.7 


20 


Tmax (h) 


630 mg 


4 






16 


16 


16 




tl/2 (h) 


630 mg 


4 


313 


16 


291 


316 


329 


5 


AUC (h.ug/mL) 


630 mg 


4 


992 


194 


719 


1040 


1170 


20 


%AUCextrap 


630 mg 


4 


2 


0 


1 


2 


2 


18 


CL/F (L/h) 


630 mg 


4 


0.66 


0.15 


0.54 


0.61 


0.88 


23 



[0082] Pharmacodynamic analyses have shown reductions in baseline IgM levels in 
the seven weeks following single doses of 70, 2 1 0 or 630 mg. Although no clear dose 
response relationship could be established with the small sample size in the study, the 
extent of the IgM reduction was greatest in the highest dose group. Subjects in the 70 mg 
dose group appeared to show a return of IgM levels towards baseline by seven weeks 
post dose. Levels in the higher dose groups remained suppressed at this time point. 
There were no apparent effects upon IgG levels, or upon the lymphocyte subpopulations 
that were measured by FACS. 

[0083] Levels of BLyS/TACI-Fc5 complexes were shown to increase proportionately 
during the sampling period, reaching a plateau by approximately 600 hours post dose. 

[0084] Following a single subcutaneous injection of 70 to 630 mg (equivalent to doses 
of around 1 to 9 mg/kg) of TACI-Fc5 to healthy male subjects, the T max (time to maximal 
absorption) ranged from 16 to 36 hours and the overall median ty 2 (calculated from the 
terminal portion of the curve) was 303 hours. In addition, the Area Under the Curve 
(extrapolated to infinity) and the C max increased in a greater than dose proportional 
manner. A pharmacodynamic effect was noted upon IgM levels at doses of 70, 210 and 
630 mg. There was no apparent effect of treatment upon IgG or lymphocyte 
subpopulations following a single dose of TACI-Fc5. 
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EXAMPLE 3 

Treating Multiple Myeloma (MM) and Waldenstrom's 
Macroglobulinemia (WM) patients with TACI-Fc5 compositions 

[0085] MM and WM patients received five consecutive weekly administrations of 
TACI-Fc5 on protocol depicted in Figure 1 . The treatment followed a sequential dose- 
escalation cohort design outlined in Figure 2. Three patients were enrolled at the first 
dose level (2mg/kg). Once the last patient received his/her five injections, the dose was 
escalated. 

[0086] Dose levels initially administered were 2, 4, 7 or 10 mg/kg (Figure 2). TACI- 
Fc5 was administered by subcutaneous injection on days 1, 8 5 1 5, 22 and 29 of a 57-day 
cycle. A total of 16 patients entered the trial, 1 1 MM patients and 4 WM patients were 
treated. No dose limiting toxicity was observed and no serious adverse event related to 
TACI-Fc5 was reported. .Five MM patients and 3 WM patients had stable disease after 
the first treatment cycle; the rest of the patients progressed. Eight patients entered the 
extension phase: 4 received two additional cycles and 4 received 15 weekly injections. 
Seven of the eight patients completed the extension phase: four patients with stabke 
disease (three MM and one WM), two patients with progressive disease and one WM 
patient with a minimal response (M-component descrese superior to 25%). Polyclonal 
immunoglobulins in all MM patients and soluble syndecan-1 in 2/5 MM patients showed 
a marked decrease during treatment, while the C-reactive protein was not affected by the 
treatment. Lymphocyte subset analysis showed that plasmocytes were selectively 
decreased while T lymphocytes were unchanged. 

[0087] Treatment with TACI-Fc5 was well tolerated at the dose levels administered to 
the patients. A marked biological response was observed in accordance with the 
expected TACI-Fc5 mode of action. 
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EXAMPLE 4 

Evaluating patient's response for TACI-Fc5 treatment 

[0088] Before administration of the first dose of TACI-Fc5 medication, the following 
assessments were performed: complaint-directed physical examination, including body 
weight and vital signs ECOG performance status, routine laboratory tests such as 
hematology, blood chemistry urinalysis, blood sampling for determination of PK/PD 
parameters, recording of concomitant medication and recording of adverse events. 

[0089] Post-dose day 1, patients were hospitalized in the clinical research unit for the 
first 24 h following the first dose of TACI~Fc5. During this period the following 
assessments were performed: complaint-directed physical examination, including vital 
signs: lh, 2h, 4h, 8h, 16h and 24h post-dose; blood sampling for determination of PK 
parameters at 2h, 4h, between 6-12h and 24h post-dose, recording of concomitant 
medication and recording of adverse events. 

[0090] On day 3 or 4 the following procedures were performed: complaint-directed 
physical examination, including vital signs: 48 h or 72 h post-dose; blood sampling for 
determination of PK parameters: 48 h or 72 h post the first dose of TACI-Fc5. 

[0091] Pre-dose on days 8, 15, 22 and 29, the following procedures were performed: 
complaint-directed physical examination, including body weight and vital signs; routine 
laboratory tests such as hematology, blood chemistry, urinalysis, specific disease 
assessment laboratory tests, blood sampling for immunoglobulin quantification, serum 
free light chain, M-protein detection by immunofixation, M -protein quantification by 
electrophoresis, C-reactive protein, LDH, soluble syndecan-1, Beta-2 microglobulin, 
lymphocyte cell count by flow cytometry, urine sampling for: proteinuria (24 h-urine), 
Bence- Jones protein detection by immunofixation, Bence- Jones protein quantification by 
electrophoresis, bone marrow aspiration for: % plasma cell determination, PCLI, Ki67; 
lymphocyte cell count by flow cytometry; blood sampling for determination of PK/PD 
parameters; recording of concomitant medication and recording of adverse events. 
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[0092] At days 8, 15, 22 and 29, patients were administered additional injections of 
TACI-Fc5 at the same concentrations as those administered on the first date of treatment. 



[0093] At day 30 of the treatment cycle, PK parameters for each of the patients were 
determined by analyzing a blood sample of each of the patients. 

[0094] At days 36, 43, 50 and 57, complain-directed examinations were performed, 
including body weight and vital signs. At day 57, 12-lead ECG, skeletal survey (X-ray) 
and MRI were performed. In WM patients at day 57, measurement of tumor lesions by 
CT scan and/or ultrasound scan of the thoracic/abdominal/pelvic region were also 
performed. 

[0095] All patients were subjected to routine and disease specific laboratory tests such 
as immunoglobulin quantification, serum free light chain quantification, M-protein 
detection by immunofixation, M -protein quantification by electrophoresis, C-reactive 
protein, LDH, soluble syndecan-1, Beta-2 microglobulin, lymphocyte cell count by flow 
cytometry, urine sampling for proteinuria (24 h-urine), Bence- Jones protein detection by 
immunofixation, Bence- Jones protein quantification by electrophoresis, bone marrow 
aspiration for % plasma cell determination, PCLI, Ki67, lymphocyte cell count by flow 
cytometry, BlyS and APRIL receptors by RT-PCR and flow cytometry. 

[0096] Various MM and WM disease associated markers were measured in the 
patients at day 57. Treatment with TACI-FC5 was determined to be beneficial to a 
patient whose analysis revealed any of the following changes: decrease of 
immunoglobulin IgA, IgG, IgM or IgD free light chain in patient's blood sample; 
decrease of M-protein as determined by immunofixation in patient's blood sample; 
decrease of M-protein as determined by electrophoresis in patient's blood sample; 
decrease of LDH, soluble syndecan-1 or Beta-2 microglobulin in patient's blood sample; 
decrease as determined by flow cytometry in patient's lymphocyte cell count; decrease of 
Bence- Jones protein as detected by immunofixation or electrophoresis in patient's urine 
sample; decrease of percentage of plasma cells or lymphocyte cells, PCLI, Ki-67 or 
BlyS/APRIL receptors in patient's bone marrow sample. Patients with beneficial 
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outcome of the first cycle of treatment with TACI-Fc5 were subjected to at least two 
additional cycles of the treatment. 



EXAMPLE 5 

Further Treatment of Patients with Initial 
Beneficial Response to Taci-Fc5 Treatment 

[0097] Patients who showed improvement or at least stabilization of their disease were 
subjected to at least two more rounds of injections with TACI-Fc5 (Figure 4). Dose 
levels initially administered were 2, 4, 7 or 10 mg/kg (Figure 4). TACI-Fc5 was 
administered by subcutaneous injection on days 1, 8, 15, 22 and 29 of a 57-day cycle 
(Figure 5). Patients were monitored throughout each cycle. General toxicity was 
assessed using the CTCAE criteria and hematological toxicities using the Cheson (1996) 
criteria. Dose limiting toxicities include > grade 3 non-hematological or > grade 3 
hematological toxicity except those related to lymphopenia. A full PK profile was 
assessed after the 1st and 5th injections. The biological parameter assessment comprised 
the M protein, serum and urinary free light chains, soluble syndecan-1, beta 2- 
microglobulin, polyclonal immunoglobulins, C-reactive protein and lymphocyte 
subpopulation counts by FACS analysis. Usual safety parameters were assessed, 
including potential anti-TACI antibodies. Evaluation of response was assessed using 
modified Blade criteria at the end of cycles 1 and 3. Patient's condition was classified as 
improving or at least stabilized if any of the following was detected: decrease of 
immunoglobulin IgA, IgG, IgM or IgD free light chain in patient's blood sample; 
decrease of M-protein as determined by immunofixation in patient's blood sample; 
decrease of M-protein as determined by electrophoresis in patient's blood sample; 
decrease of LDH, soluble syndecan-1 or Bet a- 2 microglobulin in patient's blood sample; 
decrease as determined by flow cytometry in patient's lymphocyte cell count; decrease of 
Bence-Jones protein as detected by immunofixation or electrophoresis in patient's urine 
sample; decrease of plasma cells or lymphocyte cells, PCLI, Ki-67 or BlyS/APRIL 
receptors in patient's bone marrow sample of percentage. 
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CLAIMS 

What is Claimed is: 

1 . A method of treating a multiple myeloma, comprising administering to a 
patient a composition comprising a fusion molecule comprising: 

(i) TACI extracellular domain or fragment thereof which binds BlyS; and 

(ii) a human immunoglobulin-constant domain in amount effective to treat 
said multiple myeloma, 

2. A method of treating Waldenstrom's macroglobulinemia, comprising 
administering to a patient a composition comprising a fusion molecule comprising: 

(iii) TACI extracellular domain or fragment thereof which binds BlyS; and 

(iv) a human immunoglobulin-constant domain in amount effective to treat 
said Waldenstrom's macroglobulinemia. 

3. The method of claim 1 or 2, wherein said TACI extracellular domain has 
the sequence set out as SEQ ID NO: 1 . 

4. The method of claim 1 or 2, wherein said TACI extracellular domain is at 
least 50 % identical to SEQ ID NO: 1 . 

5. The method of claim 1 or 2, wherein said human immunoglobulin- 
constant domain has the sequence set out as SEQ ID NO: 2. 

6. The method of claim 1 or 2, wherein said composition is administered in 
amount from 0.01 mg per 1 kg of patient's body weight to 10 mg per 1 kg of patient's 
body weight. 

7. The method of claim 6, wherein said composition is administered in said 
amount 5 times during a four- week interval. 

8. The method of claim 6, wherein said composition is administered in said 
amount during multiple cycles, wherein each cycle comprises administering said 
composition in said amount 5 times during a four-week interval. 
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9. The method of claim 1 or 2, said method further comprises administering 
to said patient a medicament. 



1 0. The method of claim 9, wherein the medicament is selected from the 
group consisting of bisphosphonate, erythropoietin, granulocyte growth factors, 
granulocyte colony stimulating factor, drugs for the management of pain, melphalan, 
vincristine, doxorubicin, thalidomide, nucleoside analogs and proteosome inhibitors, 
including but not limited to bortezomib. 

1 1 . The method of claim 1 or 2, wherein said composition is administered 
subcutaneously, orally or intravenously. 

12. The method of claim 1 or 2, wherein the patient is a human. 
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Dose escalate to MTD (3 + 3 design) 
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Figure 2: Dose-escalation scheme of the first part of the study 
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Figure 3: Dose-escalation decision tree- 3+ 3 design 
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Figure 4: Study overview of the second part 
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Figure 6 
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Figure 7: SEQ ID NO. 1 
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Figure 8: SEQ ID NO. 2 
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SEQUENCE LISTING 
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<120> Methods for The Treatment and Prevention of Abnormal Cell Proliferation 
Using TACI- Fusion Molecules 

<130> 0 555 8 . 0031 . 00PC01 

<150> US 60/706,888 
<151> 2005-08-09 

<160> 2 

<170> Patentln version 3.3 

<210> 1 

<211> 154 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Met Ser Gly Leu Gly Arg Ser Arg Arg Gly Gly Arg Ser Arg Val Asp 
1 5 10 15 

Gin Glu Glu Arg Phe Pro Gin Gly Leu Trp Thr Gly Val Ala Met Arg 
20 25 30 

Ser Cys Pro Glu Glu Gin Tyr Trp Asp Pro Leu Leu Gly Thr Cys Met 

3 5 — 4 0 45 

Ser Cys Lys Thr lie Cys Asn His Gin Ser Gin Arg Thr Cys Ala Ala 
50 55 60 

Phe Cys Arg Ser Leu Ser Cys Arg Lys Glu Gin Gly Lys Phe Tyr Asp 
65 70 75 80 

His Leu Leu Arg Asp Cys lie Ser Cys Ala Ser lie Cys Gly Gin His 
85 90 95 

Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn Lys Leu Arg Ser Pro Val 
100 105 110 

Asn Leu Pro Pro Glu Leu Arg Arg Gin Arg Ser Gly Glu Val Glu Asn 
115 120 125 
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Asn Ser Asp Asn Ser Gly Arg Tyr Gin Gly Leu Gly His Arg Gly Ser 
130 135 140 



Glu Ala Ser Pro Ala Leu Pro Gly Leu Lys 
145 150 



<210> 2 

<211> 348 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly 
15 10 15 



Ala Val Phe Val Ser Leu Ser Gin Glu lie His Ala Glu Leu Arg Arg 
20 25 30 



Phe Arg Arg Ala Met Arg Ser Cys Pro Glu Glu Gin Tyr Trp Asp Pro 
35 40 45 



Leu Leu Gly Thr Cys Met Ser Cys Lys Thr He Cys Asn His Gin Ser 
50 55 60 



Gin Arg Thr Cys Ala Ala Phe Cys Arg Ser Leu Ser Cys Arg Lys Glu 
65 70 75 80 



Gin Gly Lys Phe Trp Asp His Leu Leu Arg Asp Cys He Ser Cys Ala 
85 90 95 



Ser He Cys Gly Gin His Pro Lys Gin Cys Ala Tyr Phe Cys Glu Asn 
100 105 110 



Lys Leu Arg Ser Glu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro 
115 120 125 



Pro Cys Pro Ala Pro Glu Ala Glu Gly Ala Pro Ser Val Phe Leu Phe 
130 135 140 



Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val 
145 150 155 160 



Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe 
165 170 175 
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Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro 
180 185 190 



Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr 
195 200 205 



Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 
210 215 220 



Ser Asn Lys Ala Leu Pro Ser Ser lie Glu Lys Thr He Ser Lys Ala 
225 230 235 240 



Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg 
245 250 255 



Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly 
260 265 270 



Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro 
275 280 285 



Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser 
290 295 300 



- Phe Phe- Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin 
305 310 315 320 



Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His 
325 330 335 



Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
340 345 
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